Introduction 29
The eastern equatorial Pacific (EEP) is a region between subtropical gyres of the 30 into four fractions of lipid sequences in order of polarity, F1 (3 ml hexane), F2 (3 ml 3/1 120 v/v hexane-toluene), F3 (4 ml toluene), and F4 (3 ml 3/1 v/v toluene-methanol), by 121 column chromatography (SiO 2 with 5% distilled water; i.d., 5.5 mm; length, 45 mm). 122
The F3 fraction was analyzed with a Hewlett-Packard Model 6890 gas 123 chromatograph with on-column injection and electronic pressure control inlet systems 124 and a flame ionization detector (FID). Helium was used as carrier gas with the flow 125 velocity maintained at 30 cm.s -1 . The column was a Chrompack CP-Sil5CB capillary (60 126 m; i.d., 0.25 mm; thickness, 0.25 µm). The oven temperature was programmed from 70 to 127 290°C at 20°C min -1 , from 290 to 310°C at 0.5°C min -1 , and then held for 30 min. 128
Quantification of di-and tri-unsaturated C 37 alkenones were achieved by comparing the 129 peak areas with that of an internal standard (n-C 36 H 74 ) on the gas chromatogram. 130
The alkenone unsaturation index U 
Results 176

GDGTs and TEX 86 177
The isoprenoid GDGTs detected in ODP 1239 sediments consist of caldrachaeol 178 (GDGT-0), GDGT-1, GDGT-2, GDGT-3, crenarchaeol, and its regioisomer (Appendix I). 179
The total concentration of isoprenoid GDGTs in sediment varied between 0.6 and 12.8 180 µg.g -1 with an average of 5.81 µg.g -1 (Fig. 3b ). The relative abundances of different 181 isoprenoid GDGTs were nearly uniform with range of 37-54% for crenarchaeol, 26-35% 182 for caldarchaeol and 15-35% for others. higher in interglacials and lower in glacials (Fig. 3a) . The U Thaumarchaeota are produced in both the surface mixed layer (SML) and TL. We thus 230 assume that TEX 86 H reflects a mixed temperature signal from the SML and TL (Fig.4) . 231
The production of Thaumarchaeota is fueled by the supply of organic matter and NH 3 . 232 
GDGT/alkenone ratio and ∆T as upwelling indices 247
The relative abundance of isoprenoid GDGTs to alkenones (GDGT/alkenone 248 ratio) was enhanced during the last five deglaciations (Fig. 5a) , suggesting an enhanced 249 production of GDGTs. When upwelling intensifies, GDGT production increases due to 250 increasing NH 3 and organic matter. In contrast, when upwelling weakens, GDGT 251 12 production decreases. The GDGT/alkenone ratio can thus be used as an index of 252 upwelling intensity. temperature gradient between the SML and TL decreases (Fig. 4) , and ∆T shifts in a 258 positive direction. In contrast, when upwelling weakens, the temperature gradient 259 between the SML and TL increases, and ∆T shifts in a negative direction. We thus 260 assume that ∆T is a potential index of upwelling intensity. Neogloboquadrina dutertrei, was maximized during the last three deglaciations (Fig. 5d) . (Fig. 5b) , 276 suggesting that export production was maximized during the last two deglaciations. The 277 elevated ∆T and GDGT/alkenone ratio at the study site indicate not only the 278 intensification of local upwelling, but also the intensification of regional upwelling 279 associated with thermocline shoaling and enhanced export production in the EEP during 280 deglaciations. 281 282
Hydrological evolution in the EEP 283
The ∆T record mirrors sedimentary δ 15 N records from the Peru margin ( presumably caused by changes in the heat balance between the hemispheres (Fig. 6) . 320
The ENSO model has been applied to understand hydrological evolution of the 321 
